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SPECTRAL PROPERTIES OF AGRICULTURAL CROPS AND SOILS 


MEASURED FROM SPACE. AERIAL, FIELD AND LABORATORY SENSORS 


M. E. Bauer, V. C. Vanderbilt, B. F. Robinson, and C. S. T. Daughtry* 

Purdue University 

Laboratory for Applications of Remote Sensing 
West Lafayette, Indiana, U.S.A. 47906 


Abstract 

To develop the full potential of mul tispectral measurements acquired 
from satellite or aircraft sensors to monitor, map and inventory agricul- 
tural resources. Increased knowledge and understanding of the spectral 
properties of crops and soils is needed. This paper reviews the present 
state of knowledge, emphasizing current investigations of the mul t Ispectral 
reflectance characteristics of crops and soils as measured from laboratory, 
field, aerial and satellite sensor systems. The relationships cf Important 
biological and physical characteristics to their spectral properties of 
crops and soils are addressed. The paper concludes with discussion of 
future research needs. 


Introduce ion 

Mankind is becoming increasingly aware of the need to better manage 
the resources of the earth — atmosphere, water, soils, vegetation and min- 
erals. As the world's population increases and a higher standard of living 
is sought for all, more careful planning and effective use of these re- 
sources, particularly soils, vegetation and water, is required to produce 
adequate food supplies. Agricultural crop productlin is highly dynamic in 
nature and dependent on complex interactions of weather, soils, technology 
and soc lO-econoinic s . Accurate and timely information on crops and soils 
on a global basis is required to successfully plan for and manage food 
production. The repetitive, synoptic view of earth provided by satellite- 
borne sensors such as Landsat MSF, provide the opportunity to obtain the 
necessary information on soil productivity and crop acreage and condition. 
For example, the recently completed Large Area Crop Inventory Experiment 
established the applicability of multlspectral remote sensing to inventory 
and monitor global wheat production (1). 

But, to fully develop the potential of multlspectral measurements 
acquired from satellite or aircraft sensors to monitor, inventory and map 
agricultural resources. Increased knowledge and understanding of the spec- 
tral properties of crops and soils in relation to physical, biological and 
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agronomic characteristics is needed. The purpose of this paper is to 
review, emphasizing current investigations, the mul t ispectral reflectance 
properties of crops and soils as measured from laboratory, field, aerial, 
and satellite sensors. Although the measurements at the longer thermal and 
microwave wavelengths contain additional important Information about con- 
dition of crops and soils, enly the reflective region of the spectrum 
(0.4-2. 4 pm) will be considered in this paper. The paper is organized in 
four parts: (1) spectral properties of leaves, (2) reflectance properties 
of soils, (3) reflectance characteristics of crop canopies, and (4) large 
area applications of spectral measurements. It concludes with a brief 
discussion of future research needs. 

Spectral Properties of Leaves 

We will begin with a brief discussion of the optical properties of 
plant leaves since cliey are the dominant plant component influencing the 
spectral properties of crop canopies. Several excellent reviews of the 
spectral properties of leaves and plant canopies have previously been 
published by Gates et al. (2), ‘'.nipling (3) and Gausman et al . (4). The 
spectral reflectance of green vegetation is di.stlnctive and quite variable 
with wavelength. A plant leaf reflects, absorbs and transmits incident 
radiation in a manner that is uniquely characteri st ic of pigmented cells 
containing water (2). Figure 1 shows a typical spectral reflectance curve 
for green vegetation and identifies the spectral response regions of major 
importance. The amount of energy that plant leaves reflect is a function 
of three factors: the incident solar radiation, the amount of energy 

absorbed and the amount of energy transmitted. The amount of energy re- 
flected at a specific wavelength is equal to the incident radiation minus 
the uum of the energy which is either absorbed or transmitted at that 
wavelength . 

The reflectance of leaves is relatively low In the visible portion of 
the spectrum. The low reflectance (and transmittance) in the visible region 
is attributed to absorption by lesf pigments. Chlorophvll absorbs most of 
the incident energy in the blue and red wavelength bands centered at approx- 
imately 0.45 and 0.67 urn. A relative lack of absorption in the region be- 
tween the two (lilorophyll absorption regions results in a reflectance peak 
at about 0.54 um, the green wavelength region. A plant stress which reduces 
chlorophyll production will cause leaves to absorb less in the chlorophyll 
absorption bands; such leaves wl’l have a higher ref lectar.ee, particularly 
in the red region, and will appear yellowish or chlorotic. Other pigments 
of interest include the carotenes and zanthophyl 1 s which are yellow pig- 
ments and anthoc vanins which are red pigments. Chlorophyll, however, 
generally masks the presence of these pigments except during senescence 
when the chlorophylls have no significant effect on reflectance in either 
the near- or middl e- inf rared . 

In the nea r- inf ra red there is a marked increase in reflectance. 

Leaves typicallv reflect 40 tc> 50 percent and absorb less than 5 percent 
of the incident energy in these wavelengths. The high reflectance, as well 
as t r.ansmi t tance , in the near- inf rared "plateau" between 0.7 and 1.3 um is 
explained by multiple reflections in the Internal mesophyll structure, 
caused by the diff<‘renres in the refractive indices of the cell walls and 
i n t erce 1 1 ul 1 r air cavities. Since the intern.il structure of le.ives t'ften 
varies considerably among species, differences are frequently greater In 
the infrared than in the visible wavelengths (Figure 2). 
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In comparison lo the reflertanre of a single leaf, multiple leaf 
layers result in increasing levels of reflectance In the near- Inf rared por- 
tion of the spectrum until a stable reflectance, called Infinite reflec- 
tance (R-), is reached (6). In the visible and middle-infrared R'»- is 
reached with two layers, while six to eight layers are needed to reach R"- 
in the nea r- in f rared region (Figure 3). 

In the middle- inf rared portion of the spectrum the reflectance of 
green vegetation is dominated by strong water absorption bands which occur 
near 1.4, 1.9 and 2.7 nm; however, the regions between these absorption 
bands are also strongly influenced by water content of leaves. In this 
region leaf reflectance is inversely related to the total amount of water 
present in • leaf, r.ausman et al. (7) showed that in this region the 
spectral absorption c'laracteristics of leaves can be simulated by the 
absorption of an equivalent water thickness. 

Reflectance, tran.smittance and absorption by leaves depend on the con- 
centration of pigments and water, along with the internal cell structure of 
each species. These physiological and morphological quantities depend on 
leaf type, stage of matruatlon, and senescence. Concerning leaf type, 
there are significant differences In the reflectance characteristics, par- 
ticularly in the near-inf r ?red region, of monocotyledon leaves with undlf- 
ferenti.ated mesophyll and dicotyledon leaves having a dorslventral meso- 
phylls (5). As leaves mature, their visible reflectance decreases and 
near-infrared reflectance increases. C.ausman et al. (7) attributed this 
effect to the greater number of intercellular air spaces in the mesophyll 
of mature leaves, compared to those of more compact young leaves. Senes- 
cence produces the opposite effect of maturation, i.e., visible reflectance 
increases due to loss of chlorophyll and Infrared reflectance decreases, 
although relatively less tlian the increase in visible reflectance. 

The o,>tical properties of plant leaves are also affected by various 
kinds of str», sse^ including nutrient deficiencies, salinity, and damage by 
insects and disease (3). These stresses are typically accompanied by re- 
duced chlorophyll produ " ion causing an increased level of reflectance In 
the visible region. In ,ne infrared, reflectance is typically reduced by 
these types of stresses, although a stress causing a loss of water will 
results in increased infrared reflectance. However, changes In reflectance 
are not substantial until the leaves reach about 75 percent relative 
lurgidlty (Figure i). 

In the preceding paragraphs only total reflectance and transmittance 
by leaves were considered. In a now classic study, Breere and Holmes (8) 
investigated the directional or spatial distribution of reflectance and 
transmittance of corn and soybean leaves. They found that the specular 
rontribution to reflectance increased with the angle of Incidence, but 
that t ransml t tan< e was nearly Lambertian in nature (Figure 5). 

In summary, the optical behavior of leaves in the visible region Is 
determined by the concentration of chlorophylls and other pigments; the 
near-infrared is affected bv leaf mesophyll structure; the middle-infrared 
is dominated bv the optical properties of water in the tissue. Several 
theories and models have been developed to describe the optical properties 
of leaves, including the work bv Sinclair el al. (9), Kumar and Silva (10), 
Allen et al. (11) and Causman et al . (7). 
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'•'iRure 5. Polar diaRrams of the directional reflectance and transmittance 
at perpendicular incidence (left) and 60*^ zenith angle of 
incidence (from Breece and Holmes, 8). 



wavelength (uM) 

’'iiMire h. Avtr.iRcd re f 1 cc t anre spectra for soils representing ten orders 
of sol] t.ixonomy (from Stoner and Baumgardner, 12). 
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S|!p( trill Cliiirarterlst It'S of Soils 

Spt'ftriil ri'flertanre cutves of soils are generally less lomplex <han 
those of .egetation (Figure 6). As these curves demonstrate, one- of the 
characterf St its of soil reflectance curves is a generally increasing level 
of reflectance with increasing wavelength. Energy-matter interactions of 
soils are perhaps less complicated than for vegetation because all of the 
Incident radiation is eithiT absorbed or reflected. However, the soil 
itself is a complex mixture having various chemical and physlial properties 
which affect the absorption and reflectance of soils. Therefore, although 
the reflectance curves are similar in their general .shape, there are a 
number of interacting properties which determine the amplitude of reflec- 
tance, including moisture content, organic matter content, iron oxide con- 
tent, texture and surface roughness. A very thorough review of the physi- 
cal-chemical factors affecting soil reflectance properties has recently 
been completed by Stoner and Baumgardner (12). 

As shown in Figure 7 most soils appear darker when wet than when dry 
and the decrease in reflectance with increasing moisture is apparent 
throughout the reflective wavelengths (13, 14). The amplitude and shape 
of soil reflectance curves is affected by the presence of strong water 
absorption bands at 1.45 and 1.95 urn. Bowers and Smith (15) found a linear 
relationship between soil moisture and abso.bency and Peterson et al. (16) 
demonstrated that the loss of reflectance from the oven dry state to field 
capacity for 15 surface Mollisols and Alflsols from Central Indiana is 
linearly related to the oven dry reflectances of these soils. This rela- 
tionship held true for visible as well as near- and midd le- inf rared reflec- 
tive bands. These results point to the existence of o.'derly relationships 
among soil moisture tensions and soil reflectance values. 

Soil organic matter content and composition of organic conrtituents 
are known to strongly Influence soli reflectance. A general observation 
has been that as organic matter content increases, soli reflectance de- 
creases throughout the 0.4 to 2.5 |im wavelength range (14). Al-Abbas et 
al . (17) found that organic matter plays a dominant role in bestowing 
spectral properties to soils when the organic matter content exceeds two 
percent. As the organic matter drops below two percent, it becomes less 
effective in masking, out the effects of other soil constituents. Although 
it was not recognized by Condit (18), his Type 1 and Type 2 curves corre- 
sponded respectively to the reflectance curves of high surface organic 
content Mollisols and low surface organic content Alflsols (19). Organic 
constituents Including humic and fulvic acid and nonspecific < ompounds 
Including decomposing plant residues are known to Influence soil reflec- 
tance to differing degrees, although the contribution of each has been 
difficult to quantify. 

Iron oxide content can also have a significant Influence on the spec- 
tral reflectani:e of soils. An increase In Iron oxlie can cause a decrease 
in visible reflectance. ('bukhov and Orlov (20) reported th.if soils with 
an elevated iiuitent of iron could be easily distinguished by the inflection 
characteristic for pure Ft-.O,; tiiey found the Intensity of tfie reflection 
in the region from 0.50 to 0.64 cm Inversely proportional to the iron 
cont ent . 

.Soil texture (particle size) as well as the size and shape of soli 
aggregates resulting from moderate crushing appear to Influence soil 
reflectance fii varying manners. Bowers and Hanks (13) measured the 
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Kiy;ure 7. S|>«'i t rn 1 rr f 1 «•< t .inrc < iirvcs (ur Niwli'iii.n silt si* i 1 

nt vnrii«ii« mol'stiiro ( f ri'in Howi r*^ .md h.ink*!, I i). 



Wtvetenglh (pm) 

Figure 8. F.ffect cf amount of vegetation on apectral reflectance cf 

spring wheat. Data were acquired at Willlston, North Dakota 
on May 20- June 18, 1976 for plots with different soli moisture 
levels, planting dates, nitrogen f ert 1 1 1 rat Ion and cultlvara 
(from Bauer et al., 25). 
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re( 1 fr t an< f ul |»ur»' kiio 1 i n 1 1 1 - in sirt- (rnrllons (run. II.OJJ li ^ .hH mni 
diameter (loarsi- silt to vt-rv ( onrso partirlp sl?p rl.is‘,ps) and found a 
rapid Pxponrntlal ln( roast- in rtf f 1 ec tance at all wave 1 t-nj^ t lis between 0.4 
and 1.0 urn with decreasing particle sire. The nost notable increases in 
reflectance occurred at sizes less than 0.4 mm di.imeter (.ipi'roxlmatel y 
medium s.ind particle sire class and finer). It was felt that particles or 
aggregates larger than 2- } mm diameter would have little Influence on addi- 
tional absorption of solar energy. Montgomery et al. f21) found that the 
amount of silt present was the major factor influencing the level of re- 
flectance in both visible and infrared wavelengths, with an increase in 
the amount of silt causing increases in reflectance. 

Surface roc.ghness also affects the reflectance of soils. Coarse 
aggregates, tiaving an irregular shape, form a lomplex surface with a large 
number of interaggregate spaces where much of the incident energy is ab- 
sorbed. The structure determines the percentage of sh.idow generated at 
the soil surface. Cipra et al. (H) showed that there are dramatic dif- 
ferences in the reflectance of crusted and uncrusted soils. 

Stoner et al . (22) have recently completed development of a compre- 
hensive dat.i base for i nvest Ig.i t i on of the reflectance properties of soils. 
It includes reflectance measurements of over 200 soils from 39 states of 
the continental I'nited State.s. Physicochomlcal ch.iracterlst Ics measured 
were organic matter content, p.jrticlc size distribution, cation exchange 
capacity, and iron oxide content. Site characteri st Ics of soil temperature 
regime and ru'isture zone were used as selection criteria for soils included 
in the study, while p..rent material and internal drainage were noted for 
each soil. From this data set, Stoner and Baumgardner (12) Identified at 
least five general ' pes of soil reflect.ince curves b.Tsed prinuirily on l he 
presence or .ibseiue of prob.ibie ferric iron absorption hands at 0.7 and 
0.9 cm, hut also based upon organic m.atter content and soil drainage rhar- 
.acterlst i-s . Wiile generally confirming re 1 a t ionsli i ps Identified by pre- 
vious i nvesi i g.) t ors , their results, based on a large, representative sample 
of soils, significantly imre.ise our unde rst .ind i rig of tin- spectral proper- 
ties ol sc> i I s . 

In summary, it h.is been found tliat increased soil moisture causes 
decreased reflect.ince tbrougfiout the- reflective region; that reflectance 
increases as particle size dc-creases; aiid that increases in org.inic matter 
and Ir. 1 oxide contents cause decreases in c" f 1 ec t ante . 


Spc-i t ra 1 (dia I ac t er i St ic s ol tro|i Canopies 

To realize t fie full potential of remote srnsing for crop identiffia- 
t loti, ccuidilion assessm iu .ind yield predic tion, it is important to under- 
st.md and c’uantifv (!) t tie r e 1 a t ionsti i p between agronomic (e.g., lea( .irc-,i 
index) and reflectance c fia r.ic t er i st i ' s of crop canopies .ind (2) t tie effect 
of various cultcir.i! and environmental fac is on crop reflect.ince proper- 
ties. Althougti kiuiwledge of the reflectance characteristics of plant 
le.aves and soils, .as reviewed above, is basic to understanding the reflec- 
tance properties of crop canopies in the field, there are significant dif- 
ferences between the spectra of foliage and soil and the spectra of 
( anopies . 

The reflectance c fia rac t er i s t 1 c s of canopies are due fundamentally to 
three factors, the .ptlcal properties of the component parts of the canopy. 
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ranopy morpholoKV. and vi t>w/ 1 1 1 umlna t Ion direct Ions. The canopy component 
properties, the spectral cha rac terl st Ir • of leaves and soils, were dla- 
cussed shove. The canopy morphologv, the geomet rlcsl arranRement of the 
foliage in spare, varies with changes in such agronomic variables aa sta- 
turity stage, leaf area index, and percent soil cover and cultural and 
environmental fa. tors sui h as planting date, needing rate, row sparing, 
spei le*i, and culllvar. The geometric characteristics of a ranopy also 
< hanxe with the wind and plan' phiUntropic responses. 

t'ons iderat ion of the third factor, the directions of view and lll'inil- 
n.it ion of the c.inopv. Is necessary when measuring the c.inopv reflectance 
I fi I r -o t e r I M n ‘ . i ven If the first two f.irtor*., c.inopv moiptologv "'nd 
I om|)onent optl<,il |.ro|>ert ies, .ire constant for ,i i aiU'pv throughout t fie d.iv. 
t tie ( anopv re f 1 ec t .itii e i ti,i r ac t e r 1 sf ic s will i hange with not only the 
changing lllumina'ion direction but also with view direction. This is 
supported bv both theoretical arguments and empirical evidence (23, }4). 

Such refleit.jnce variations are due in p.irt to the proportions of shaded 
and sunlit foliage changing with view/ 1 1 I umlnat ion directions. The view/ 
illumination factiir is potentially Important for Identifying particular 
canopy structura! features such as wheat heads, a prominent part of a 
tif.ided wheat c .ino()v ,it large renlth view/ 1 1 1 uminat ion angles. 

1 he rel a t lonsli 1 1 ) fietween agronomic and spectral characteristics of 
crops prlmarilv involves canopy geometric iiropertles and the optical prop- 
erties of canopy components. Simi>l»' measure’s of the canopy geometric 
properties include leaf area index, percent soil cover, and bionuss, each 
indicative ol the amount of c anopv vegc-tation [iresent . Figure 8 from 
Hauer et al. (2b) illustrates the effect of the amount of vegetation on 
the spectral response of spring wheat during the period between tillering 
and the beginning of heading, when tin maximum green-leaf .area is reached. 

As leaf area and biom.iss fnc rease, there is a ji rogr ess 1 ve and charac ter- 
istic decrease in reflectance In the chlorophyll absor('t ion region. Increase 
in the nea r- i n f r.i red reflectance, and decrease f ri the mi dd 1 e- inf rated re- 
flectance. Tfie relationships of percent soil rover, leaf area index, fresh 
biom.iss, and pl.int water ci'ntent with re t I ec t .me e in selected wavelength 
hands are shown in rigure W. 

Tc’ further ejuantifv the relationship between ranopy morphology and 
leflectance cha rac t er i s t i c s , Table 1 lists the linear correlations of the 
five carinpv variables with, reflectances in the proposed thematl, mapper 
f 1 .indsa t -I) ) .ind hanefsat MS'l b.ands. The correlations and plots include data 
for the stages of nia t n r i t V wtien the canopy is green, seedling tbroiigii 
flowering. fresh hiom.iss, cl r v biomass, and plant water lontent correlate 
most hipiilv with rel lee lari' 1 - in the m Idd 1 c - 1 n 1 r ,i red hand, .'.OS fn 2.3b |im. 
I'ercenl soil cover and le.if .ire.; index are most highlv correlated with 
reflectance in .i nea r- 1 n I r .c red band, 0.76 to 0.90 pm. The visible cvave- 
lengfhs were less sensitive to le.if .irea and biomass; infinite reflectance 
was reac bed .it .i leaf are.i index of about two in the vlslbi * wavelengths, 
hut had not bec-n reached .at the maxiracim I.Al c;f 3.5 In this data set. Other 
canopy variables, analvred but found poorly cc.rrelated with reflectance, 
were plant height, percent green leaves and [lercent plant moisture. These 
and other resullf indie. ile tfi.it the amount "f phot osvni lift lea 1 1 v active 
igrocn) vegetation fi.is .1 clomtn.iril influence on tfic' reflectance character- 
istics of crop 0.0 'Pies. Simil.'r results li.ivc- heeri reported by Colwell (26) 
and Tuc ker (27). 
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Figure 9. Relationship of peri ent soil rover, leaf are.i index, fresh bio- 
mass, and plant water lOntent to reflertanre in selected wave- 
length bands (from K.nier ft al., 2*)). 
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Spectral reflertance of spring wheat canopies at several ma- 
turity stages. Measurements were made al Williston, North 
Dakota during Mav-Aiigust , 1976 (from Bauer et al., 23). 


Figure 10. 
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Plant development and maturity (as opposed to growth or increase in 
size) result in many ctianges in canopy geometry and pigmentation of leave 
‘^igure 10 shows the spectra of spring wheat at several different maturity 
stages and Figure 11 illustrates the changes in temporal -spectral trajec- 
tories of small grains as a function of development stage. Learner et al. 
(28) have also studied the effect of development on the spectral reflec- 
tance of winter wheat. 

The effects of several cultural and environmental factors on the re- 
flectance of spring wheat were investigated with data acquired at Willlston, 
'.'orth Dakota by Bauer et al. (23). The effects of available soil moisture 
on plant growth and spectral response were quite significant. Wheat, 
planted on land that had been fallow the previous year, had more tillers 
and, therefore, greater biomass, leaf area, and percent soil cover than ttie 
wheat crop grown on land that had been cropped the previous year. These 
differences caused decreased visible reflectance, increased near-infrared 
reflectance, and decreased middle-infrared reflectance for the fallow 
treatment. Planting date caused differences in the amount of vegetation 
present, as well as differences in maturity stage, which in turn influenced 
the spectral reflectance. Adding nitrogen fertilizer Increased the amount 
of green vegetation early in the growing season; the fertilized treatment 
had the spectral characteristics of a greener, denser vegetative canopy, 
i.e., decreased red reflectance, slightly greater nea r- in f ra red reflectance, 
and reduced middle- inf rared reflectance. The two wheat cultlvars, Olaf 
(semi-dwarf, awned) and Waldron (standard height, awnless), were similar 
in appearance before heading. After heading, some differences between the 
two cultivars were .apparent but were not statistically significant. 

In other field experiments conducted by Purdue/LARS (unpublished dat 
the reflectance of com canopies affected by H , n.a yd i s (southern corn lea* 
blight) and nitrogen deficiency were measured. The nonsystemir stress of 
blight and the systemic stress of nitrogen deficiency both affected the 
spectral response. Compared to healthy ct'rn. blighted corn displayed in- 
creased re f 1 cc t .mce in the chlorophvll absorption wavelengths and decreased 
reflectance in the green and reflective Infrared wavelengths (Figure 12). 

The changes in reflectance were attributed to changes in canopy geometry 
•as well as reflectance of individual leaves. Nitrogen deficiemv caused 
increased reflectance in the visible wavelengths and reduced the Infrared 
reflectance compared to the reflectance of canopies with adequate nitrogen 
fertilization. The changes in reflectance were attributed to lower levels 
of chlorophyll in the leaves and less leaf are.) and ground rover. Tdso et 
al . (29) found that varving rates of senescence of winter wheat resulting 
from different degrees of moisture stress could be determined from visible 
and nea r- in f rared reflectance measurements of the canopies (Figure 13) and 
in turn related to grain yield. 

.Several investigators have used canopy reflectance mode.ls, such as 
the deterministic model of Suits (30) or the prohabl 1 ist it model of Smith 
and Oliver (31), to good advantage in promoting our understanding of the 
spectral properties of crop canopies. The models are pa rt icul arly useful 
for studying the effects of altering the values of the Input variables 
(the optical, geometric and directional parameters). The work of Bunnik 
(34) who investigated the relationships between crop variables, soil back- 
ground, and geometrical variables and spectral reflectame of crop canopie- 
uslng the Suits model along with experimental measurements Is particularly 
significant. As a part of his work, Bunnik suggested several spectral 
parameters or transformations of reflectance measurements in the green, red 
and near- inf rared wavelengths which are related to key agronomic varalbles 
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Figure 11. Comparison of selected greenness-brightness trajectories of 
spring wheat, barley, and oats. The growth stages are (1) 
seedling, (2) tillering, (3) jointing, (4) heading, (5) milk, 
(6) dough, (7) ripe, (8) ripe (from Bauer et al., 25). 



Figure 12. Reflectance characteristics of com canopies with three levels 
of leaf blight infection as a function of wavelength (Purdue/ 
LARS unpublished data). 


Table 1. The linear correlations (r) of reflectances in the proposed 

thematic mapper and Landsat MSS wavelength bands with percent 
soil cover, leaf area index, fresh and dry biomass, and plant 
water content (from Bauer et al., 25). 
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Figure 13. Representative plots of TVI6, a transformation of green and red 
reflectances, of wheat grown at Phoenix, Arizona with high (o), 
moderate ('), and low (o) water treatments (from Idso et al . , 
29) . 
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Figure 14. Ratio of canopy reflectance in red and green wavelengths 

(Pr(2)) as a function of soil cover percentage (B) for dry 
and moist soils Illustrating the use of a canopy reflectance 
model to evaluate spectral parameters (from Bunnlk, 32). 
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<;uch as leaf area Index and percent soil rover, while at the same time 
being relatively Insentlve to other factors such as variations In soils 
background or leaf angle distributions. 


Large Area Applications of Remote Sensing 

K-»ny Investigations of the potential utility of spectral measurements 
covering large geographic areas have been made since 1972 when the Landsat 
satellite with a four-band multispectral scanner (MSS) was launched. Only 
a few of these for crop condition assessment and soil mapping will be cited 
!iere. Thompson and Wehmanen (33) developed a technique utilizing trans- 
formed Landsat MSS data for detection and monitoring of agricultural drought 
in the U.S. Great Plains and the Soviet Union. The technique, green Itidex 
number, agreed well with a ground-based crop moisture index. Wlegand et al . 
(34) showed that leaf area index (LAI) of wheat might be estimated from 
l.andsat MSS data and for the first time enable LAI Inputs to crop evapo- 
t ranspiration, growth and yield models for large geographic areas. 

Analyses of satellite-acquired multispectral data should aid soil 
scientists a great deal. Landsat data provides information in the visible 
and near-infrared portion of the spectrum with a synoptic view over a much 
greater area than is possible with aerial photography. Early Landsat re- 
research showed that gross variations in soil features could be Identified. 
The synoptic view enabled the observation and delineation of repeating soil 
natterns, land use, slope effects, and drainage patterns. Soil association 
maps have been prepared by Westln and Frazee (35) from interpretations of 
Landsat imagery and more recently Welsmiller and Kaminsky (36) demonstrated 
how computer-aided classifications of Landsar MSS data, together with 
ancillary data maps such as topography or 'aicnt material, can be used as 
field mapping aids by the soil surveyor. 


Reflections on Future Research 

Major advancements have been made in the development and application 
of remote sensing of agricultural scenes during the past decade. Although 
the interaction of radiation with plant leaves and soil is reasonably well 
known, the physical-biological meaning of variations in the spectral re- 
sponses of crops and soils in the field is less clear. Planned improve- 
ments in the spectral, spatial, and temporal resolution satellite sensor 
system will certainly Improve the capability to Idei’.clfy, monitor, and 
map agricultural crops and soils; however, research, both applied and basic, 
will be needed to fully realize the potential value of multispectral remote 
sensing. Recommended areas of research Include: 

— Continued development of data bases containing agronomic, spectral, 
and atmospheric-meteorological measurements and observations 
acquired under carefully controlled, well documented conditions. 
Measurements for a wide variety of crop, soil, and environmental 
coadltions. Including normal and stressed, are needed. Spectral 
measurements should Include the reflective, thermal and microwave 
regions. Polarization measurements should also be considered along 
with off-nadir view angles. 
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-- Rlgoruus analysis and physiral model Ing is needed to quantify 
the optical, geometric and agronomic properties of crops and 
soils. A combined a|>proacli of modeling and field experiments 
is recommended. Model devolopnieiu should occur at scene, canopy, 
and subtanopy levels. Models for row crops and "mixture" pixels 
are particularly Important. 

— New spectral parameters or feature sets utilizing ' ransfurmac ions 
of spectral measurements with which to Identify and describe 
specific crop-soil classes stub os development stage, leaf area 
Index, degree of stress, or surface soil moisture level should 
be investigated. 

In summary, we believe chat an inert ased understanding of the spectral 
properties of crops and soils will lead to significant applications of 
mul tlspectral remote sensing in identifying, monitoring and mapping 
agricultural crops and soils. 
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